This report has been reproduced by permission of the Controller of HMSO. Extracts from the text may be reproduced, except for commercial purposes, provided the source is acknowledged. 
INTRODUCTION
Earlier crash-injury studies, undertaken by TRRL and by researchers elsewhere, have yielded valuable information about the injuries occurring in accidents, their causes and mechanisms and the effectiveness of safety features.
As the safety aspects of car design improve, further improvements become increasingly difficult. For the future, designers and legislators need to have a better understanding of the loadings the various parts of the body can tolerate without suffering unacceptable levels of injury. This will help in the design of cars where impact forces are transmitted to the occupants in ways that minimise the risk of injury.
Individuals vary in their vulnerability to injury, throughout their own lifetime and compared with others, so the concept of a fixed tolerance level applicable to everyone is inappropriate. It is therefore necessary to consider tolerance levels in terms of probability of injury. This information can then be related to some variable which can be routinely measured during car or component testing. As live humans cannot be used for such tests it is necessary for these variables to be measured on an anthropormorphic dummy or other test equipment. The procedure usually adopted in the United Kingdom for this estimation of human tolerance levels has been described previously 1,2.
As previous accident studies conducted by TRRL lacked an adequate measure of crash severity, it was necessary for a new study to be carried out to include this. In the analysis, probabilities of injury, related to crash severity, are given for unbelted and belted car occupants in frontal and side impacts. These are the priority groups identified by the European Experimental Vehicles Committee --Working Group on Biomechanics 3. For frontal impacts, probabilities of injury are given for the whole body and individually for the head, chest and the lower limbs and pelvis. For side impacts only probabilities of injury for the whole body are given as there was insufficient data to extend the analysis to individual body regions.
Because of the need to consider unbelted and belted occupants separately, the analysis has provided additional information about the effectiveness of seat belts in reducing injuries, by relating their effectiveness to crash severity. In addition it has been possible to study the effect of 'overloading' of restrained occupants by other unrestrained occupants.
ACCIDENT STUDY
The accident study spanned a two and a half year period between 1978 and 1981, geographically covering most of Berkshire and the Northern half of Hampshire. During the study 397 accidents were investigated involving 576 cars and 1010 occupants, 289 (29 per cent) of whom were wearing seat belts.
In order to avoid an over-representation of people with lower tolerance to injury, an attempt was made to select accidents on the basis of an independent variable, crash severity, regardless of whether or not injury had " occurred. To do this, accidents which had been reported to the police were included, if the car had been sufficiently damaged to require towing to a garage. Emphasis was also given to selecting accidents where crash severity could be calculated and where the circumstances were not complicated by multiple impacts or overturning so that it was possible to relate any resulting injuries to the crash severity. In addition, coverage was concentrated on a group of the most commonly involved cars to facilitate subsequent matching with experimental tests. The selection of this group of car models was based on new car registrations and previous records of accident involvement. The group included about twenty models which accounted for a large majority of the cars expected in accidents during the study period.
At the recovery garage, each car was given a detailed examination to determine the type and severity of the collision, the causes and mechanisms of injury and to record the presence and effect of any safety features. The impact severity, in terms of velocity change (AV), was subsequently calculated from measurements of deformation using the Crash 2 computer program 4. As one of the assumptions made in the program is that the vehicles involved reach a common velocity during.the impact, crash-severity could not be calculated for sideswipe or glancing blow impacts.
Details of the injuries sustained, obtained from hospital records and post mortem reports, were classified for severity using the Abbreviated Injury Scale (AIS) 5.
Additional data was collected from drivers by questionnaires requesting information on all occupants, including those not injured, about their seating positions, seat belt use and hospital attendance if relevant.
SUMMARY OF ACCIDENT DATA
Of the 576 cars included in the study approximately three quarters impacted other cars, a fifth hit a rigid object and the remainder hit other types of vehicles. Frontal, including oblique frontal, impacts accounted for 74 per cent of collisions. Seventeen per cent of the cars had side impacts and six per cent had rear impacts.
Amongst the 1010 occupants, 576 were drivers and. 237 were front seat passengers. Of these, 275 (34 per cent) were wearing seat belts. Only fourteen (7 per cent) of the rear seat passengers were restrained and all of these were children in special seat harnesses, seats or cot restraints.
Nearly two thirds (60 per cent) of the occupants were injured, over eighty per cent of these receiving minor (AIS 1) or moderate (AIS 2) injuries (Table 1) . In total, thirty occupants (3 per cent) sustained fatal injuries. In order to provide estimates of the probability of injury with respect to crash severity for frontal, including oblique frontal and for side impacts, two subsets of data were used. One consisting of 436 occupants involved in frontal impacts and one of 105 occupants involved in side impacts. These occupants were all travelling in cars or 'car based' goods vehicles which had been subjected to an impact, the severity of which could be calculated and where seat belt use was known.
ANALYTICAL PROCEDURE
To establish the relationship between probability of injury and impact severity a technique known as Probit Analysis 6 was used. Probit Analysis is a regression analysis technique which can be used to relate the frequency of an all or nothing, quantal, response to a quantifiable dose or stimulus. It would be expected that such a response to dose relationship would take the general form of a sigmoid curve, as in Fig 1, with the response being asymptotic to zero at near zero doses and to one, 100 per cent response, at high doses. 
Fig. 1
The technique aims to fit the best such curve to experimental data. To facilitate this, the response data is transformed so that it ranges from -~ to +0% rather than from 0 to 1, in such a way that the response to dose relationship can be approximated by a straight line. A 'best fit' straight line is fitted to the data before it is transformed back to form the sigmoid curve. Inaddition, 95 per cent confidence limits are generated for the curve and tests for goodness of fit are performed.
To test for a significant difference between two such curves, tests were carried out on the underlying straight lines. Firstly, a test was performed to see if the slopes were different. If not, a common slope was fitted and a test for positional difference performed. If either test showed a significant difference then the lines, and hence their L derived curves, were significantly different.
In the following analysis AV is taken as the dose and the probability of injury, at a particular level of severity or above, is taken as the response. At any level of crash severity, the probability of injury is the number of Occupants injured divided by the total number of occupants involved in impacts of that crash severity.
For clarity in presentation, the best fit sigrnoid curves are presented graphically without their confidence limits and in tabular form with the limits. Where possible, the best estimates have been used to calculate the change in injury probability associated with seat belt use. These estimates are tentative and confidence limits have not been calculated.
FRONTAL AND OBLIQUE FRONTAL IMPACTS
Amongst the 436 occupants in the frontal* impact subset there were 362 front seat occupants, 263 drivers and 99 front seat passengers. In all, 136 of the occupants were belted; 94 drivers, 35 front seat passengers and 7 rear seat passengers.
Statistical tests were carried out on the subset of front seat occupants to check that the distributions of crash severity for the unbelted and belted groups were similar. No significant differences were found between these groups or between the groups where belt use was known and belt use was not known. Similarly tests were carried out to check the distributions of injury severity when the crash severity was known and not known and when belt use was known and not known. No significant differences were detected in the distributions of injury severity whether crash severity was known or not, however seat belt use was very significantly more likely to be 'not known' when the occupant was uninjured. This was almost certainly a feature of the way the information on seat belt use was collected, but it is not thought to have had a marked effect on the estimates of injury probability.
For front seat occupants, the analyses were carried out separately for drivers and front seat passengers.
However, as in most instances significant differences could not be detected between drivers and front seat passengers the combined data has been presented. Where differences occur they have been discussed in the text.
As there were so few belted rear seat passengers it was not possible to produce any estimates for the probability of injury for these occupants.
* The term frontal will be used to include frontal and oblique frontal.
Distribution of impact severity in frontal impacts
The mean velocity change (AV) in frontal impacts was 14.0 mph*. Although there was no significant difference in the distributions for front occupants whether belts were or were not used, in this sample the belted occupants had a slightly lower distribution of impact severity than did the unbelted ones ( Table 2 ). The distribution of impact severity for unbelted rear seat passengers was significantly lower** than that of the front seat occupants.
TABLE 2
Impact severity for occupants in frontal impacts Overall, 40 per cent of front seat occupants suffered an impact with a AV of 10 mph or less, 16 per cent had a AV over 20 mph and only 3 per cent had a AV over 30 mph (Table 3) .
Of the 27 unbelted seriously injured (MAIS >/3) casualties, 52 per cent suffered a AV of over 20 mph and 37 per cent a AV of over 30 mph. In the belted group, only nine casualties suffered injury of this severity, six (67 per cent) of whom suffered a AV of more than 20 mph. In terms of the severities used by the police for the national statistics, a third of the fatally or seriously injured unbelted casualties had a AV of over 20 mph compared to 47 per cent of the belted.
Probability of injury for front seat occupants in frontal impacts
Although the data is too sparse to compute probabilities of injury for the severe (MAIS ~> 4) or fatal categories, it is clear that seat belts do reduce injuries at these levels (Table 4) . In frontal impacts, none of the belted front seat occupants were killed or sustaified an injury of severity MAIS/> 5 and only one casualty was Throughout the analysis, AV is given in miles per hour (mph) as currently used for vehicle safety performance tests and UK speed limits. To avoid confusion metric equivalents are not given throughout the text. They are :--10 mph = 16 kph, 20 mph = 32 kph, 30 mph = 48 kph, 40 mph = 64 kph and 50 mph = 80 kph. ** Kolmogorov -Smirnov and t Tests. injured at MAIS 4 level. In the unbelted group, five front seat occupants were killed, one casualty sustaining injuries of severity MAIS 6, three were injured at severity MAIS 5 and six at severity MAIS 4. 
Curves giving the estimatedprobabilities of injury for unbelted and belted front seat occupants are shown in Fig. 2 and represented in Table 5 .
At the injury severity levels MAIS >/1 and MAIS >/2, the curves for the unbelted and belted groups were significantly different. Although there were indications that injuries at the MAIS >/3 level were also reduced, the differences found were not significant, possibly because the sample size was too small.
At AV = 10 mph, the probability of being injured was estimated at 68 per cent for the unbelted and 36 per cent for the belted. At AV = 20 mph the probabifities were, unbelted 95 per cent and belted 74 per cent. At this impact severity 60 per cent of the unbelted would suffer moderate or above (MAIS ~> 2) injury and 17 per cent serious (MAIS ~> 3) injury. This compares with 35 per cent and 12 per cent for the belted. At AV = 30 mph the unbelted were almost certain of injury with 87 per cent of them being injured at moderate or above (MAIS ~> 2) level and 51 per cent at serious (MAIS/> 3) level. The corresponding estimates for belt wearers were 95 per cent, 77 per cent and 36 per cent. The changes in probability of injury have been given in part (c) of Table 5 , based on the best estimates given in parts (a) and (b). The greatest reductions in probability were seen to be at the lower impact severities.
(a) Unbelted Fig 2) NB The figures in part (c) are calculated from the un-rounded figures from (a) and (b).
5.2.1
Probability of head injury for front seat occupants. Only eight occupants, one of whom was belted, received head injuries of severity AIS/> 3 (Table 6 ), hence it was not possible to estimate probabilities of injury for tiffs or higher severity levels. A significant reduction in the probability of receiving a head injury was seen with the use of seat belts, especially at the lower impact severities (Fig 3, Table 7 ).
• A.t AV = 10 mphthe estimated probability of an injury (AIS >/1) was reduced from 57 per cent to 16 per cent and at AV = 20 mph from 85 per cent to 48 per cent. Similarly the injury probabilities at moderate or above (AIS >1 2) levels were substantially reduced. At AV = 30 mph the benefits of seat belts were reduced due to the greater likelihood of contact with the steering wheel by drivers.
Separate analyses carried out for drivers and front seat passengers show the presence of the steering wheel increases the risk of head injury for belted drivers. Only 17 per cent of the belted front seat passengers received a head injury compared to 31 per cent of the belted drivers and, as would be expected, none of the belted front seat passengers contacted the steering wheel. Sixty per cent of belted drivers' facial injuries and 44 per cent of their cranial injuries resulted from contact with the steering wheel. It should be noted however that the belted drivers whose faces contacted the steering wheel were involved in more severe accidents than those whose faces did not, the mean AV's being 19 mph and 11 mph respectively. In half of the cases where belted drivers hit their face on the steering wheel, the steering assembly had moved backwards or upwards in the impact. In half of these cases, the drivers sustained multiple and comminuted facial fractures. Those drivers who contacted nonintruded steering wheels sustained less severe injuries such as fractures to the nose or teeth.
5.2.2
Probability of chest injury for front seat occupants. The chest is one of the most important bod~, regions to receive direct loading from the seat belt. Tiffs investigation confirms previous findings 7 that minor (AIS 1) injuries, such as bruising, frequently occur though the occurrence of more serious injuries is reduced (Table 8) .
None of the belted group suffered serious (AIS >~ 3) injury. Compared with four per cent amongst those not wearing belts, this difference was statistically significant, though the lack of sufficient cases prevented the calculation of injury probability against crash severity. Above AV = I5 mph, the probability of suffering an injury of severity AIS/> 1 was higher when seat belts were worn (Fig 4, Table 9 ). This was simply due to the occurrence of these minor (AIS 1) injuries, all but one being caused by direct seat belt loading. At the injury level AIS ~> 2 seat belts are seen to offer considerable protection, the probability of injury being halved in impacts with a AV of 20 mph or more.
Only three belted occupants sustained moderate (AIS 2) injuries, two had fractured sternums one caused by contact with a steering wheel and one from a seat belt. The third occupant fractured three ribs, caused by contact with an intruded compartment side. 5.2.3 Probability of lower limb and pelvic injury for front seat occupants. Seat belts reduce the incidence and severity of lower limb injuries (Table 10 ) with the probability of injury being reduced for each injury severity level throughout the range of impact severities (Fig 5, Table 11 ). At injury level AIS ~> 1 there was a significant reduction in the probability of injury with the use of seat belts, ranging from 64 per cent at AV = 10 mph to 9 per cent at AV = 30 mph. Moderate and above (AIS/> 2) injuries were reduced by an estimated 78 per cent at AV = 10 mph and 8 per cent at AV = 30 mph. Serious injuries (A/S 3) were reduced by 59 per cent at AV --10 mph and 44 per cent at AV = 30 mph. The lower limb injuries came from three main sources; knee impact with the facia or steering column, lower leg impact with the facia or parcel tray and foot or ankle involvement with the footwell. These injuries are often exacerbated by the presence of intrusion.
Amongst the belted group three occupants suffered serious (AIS 3) injury, one had a fractured femur, the second a fracture to the lower leg, both from contact with an intruded facia, the third had a fracture of the foot from an intruded footwell. Amongst the five casualties with moderate (AIS 2) injuries; three had knee injuries from intruded facias and three had injuries to the feet from intruded footwells. Although the numbers are small, it is clear that intrusion plays a major part in causing injuries to the lower limbs of belted occupants. No pelvic injuries were seen amongst the belted occupants, but nine were seen amongst the unbelted group, eight being serious (AIS 3).
Injuries to the neck, shoulders and abdomen for belted front seat occupants.
Injuries to the neck, shoulders and abdomen occur too infrequently for analyses of injury probability to be made. However, as there has been concern over the effect seat belt wearing may have on neck injuries and the shoulders and abdomen are areas of the body directly loaded by the seat belt. Injuries to these body regions have been discussed.
Previous research has shown that although neck injuries are slightly more numerous amongst belt wearers, belt use has a beneficial effect in reducing their severity 7'8. In this study, ten of the belted front seat occupants suffered an injury which resulted in a stiff neck. In nine cases the injury was of minor (AIS 1) severity and in one case it was serious (AIS 3). This was a case of cord contusion resulting in numbness of the fingers.
Nine occupants, all of whom were drivers, suffered an injury to the shoulder. Five of the injuries were of minor (AIS 1) severity and four of moderate (AIS 2) severity. Of these moderate injuries three were fractured clavicles, one from seat belt loading, one from contact with the compartment side and one from contact with the steering wheel. The other injur3~ was deep bruising and abrasion caused by the seat belt. Abdominal injuries were suffered by six drivers and four front seat passengers. Eight had injuries of minor (AIS 1) severity, one was moderate (AIS 2) and one was severe (AIS 4), the severe injury being a perforated duodenum. Eight of the injuries were due to seat belt loading including both the moderate and severe ones.
It is clear that seat belt loading does not pose a serious threat to these body regions in frontal impacts.
Probability of injury for rear seat occupants in frontal impacts
Although it was not possible to calculate injury probabilities for belted rear seat passengers, overall injury probabilities were calculated for unbelted rear seat passengers (Fig 6, Table 12 ). The probability of injury for these unbelted rear seat passengers was seen to be similar to that for belted front seat occupants. Indeed, when comparisons were made between the curves for the two groups, no significant differences could be detected at any of the injury severity levels. 
Overloading of belted front seat occupants by unrestrained rear seat passengers in frontal impacts
In frontal impacts, unrestrained rear seat passengers hit the rear of the front seats pushing them forwards and imposing additional loads on any occupant seated there.
Amongst the 129 belted front seat occupants, 21 had an unrestrained occupant behind them. Three of these occupants suffered from fracture-dislocations of the thoracic or lumbar vertabrae and one occupant sustained a severe internal abdominal injury to the duodenum. No similar injuries were seen amongst the belted front seat occupants who did not have an unrestrained occupant seated behind them, a highly significant result. It is thought that the use of seat belts by rear seat occupants would overcome this problem of overloading front seat occupants.
SIDE IMPACTS
In this study, 105 occupants were involved in side impacts, 32 (30 per cent) of whom were belted. As before the risk of injury and its relation to crash severity (AV) has been computed using Probit Analysis. In side impacts, whether one is seated on the impacted side of the car or. not, is more relevant than whether one is in the front or in the rear of the car.
For those occupants seated on the impact side of the vehicle and for those seated on the opposite side of the vehicle, the estimated probabilities of being injured have been compared. The front and rear occupants being considered together. In addition, for those occupants seated on the impact side, the probability of injury has been related to the extent of passenger compartment intrusion. .
The statistical tests carried out to compare the subsets of occupants in frontal impacts were repeated for the groups of occupants subjected to side impacts, again no serious biases were found.
Distribution of impact severity in side impacts
As in the frontal impact group, belt wearers had a slightly lower distribution of impact severity than those not wearing belts, though the differences were not significant (Table 13 ).
TABLE 13
Impact severity for occupants in side impacts 13.9 5.5
Mean AV Standard Deviation
The mean velocity change sustained by those involved in side impacts was 14.3 mph.
Just over 40 per cent of the occupants were involved in an impact with a AVof 10 mph or less, 15 per cent had an impact with AV of over 20 mph and only 3 per cent had a AV over 30 mph (Table 14) . " Amongst the seriously injured (MAIS >i 3) casualties, 50 per cent of the unbelted had impact severities over 20 mph. However, the three belted casualties with serious (MAIS ~ 3) injuries all suffered impact severities between 11 and 20 mph. In terms of the severities used for the national statistics, nearly 40 per cent of the seriously or fatally injured unbelted casualties had a AV of over 20 mph. The six belted casualties in this category again all had impact severities of between 11 and 20 mph.
Probability of injury in side impacts
The analysis of injury probability in side impacts is hampered by the small number of cases covered by the accident study resulting from their lower frequency compared with frontal impacts. It was not possible to calculate probabilities at the severe or greater (MAIS t> 4) level, or to consider individual body regions.
6.2.1
Comparison of probabilities of injury for unbelted occupants seated on the impact side and on the opposite side. Involved in side impact there were 73 unbelted occupants, 42 of whom were seated on the impact side of the car, the remainder being seated on the opposite side. The distributions of overall injury severity for these groups are shown in Table 15 . 
No significant differences were found to exist between these two distributions. The curves showing the estimated probabilities of injury for those occupants seated •on the same side as the impact were not significantly different from the corresponding curves for those occupants seated on the opposite side (Fig 7, Table 16 ).
For injury levels MAIS t> 1 and MAIS I> 2 the estimated probabilities of injury were less for those occupants seated on the opposite side, throughout the range of AV. In the case of injury level MAIS/> 3 the opposite occupants again had a lower estimated probability of injury up to AV of 20 mph, above this their probability was higher than for those occupants seated on the same side. This crossover may simply be due to the sparsity of data at this level.
Comparison of probabilities of injury for belted occupants seated on the impact side and
on the opposite side. Nearly a third (30 per cent) of the occupants involved in side impacts were belted. Fourteen of these occupants were seated on the impact side of the car and 18 were seated on the opposite side. No significant differences were found to exist between the two distributions of overall injury severity for these groups (Table 17) .
TABLE 16
Probability of injury related to impact severity for unbelted occupants in side impacts 
Due to lack of data it was not possible to estimate the probabilities of injury at levels MAIS >/2 for those occupants seated on the opposite side of the car. The curves for injury level MAIS/> 1 show a slight increase in estimated probabilities for those occupants seated on the opposite side, but the difference was not significant (Fig 8, Table 18 ).
TABLE 18
Probability of injury related to impact severity for belted occupants in side impacts 
The effect of passenger compartment intrusion in side impacts
Of the 61 cars which had a side impact, 39 (64 per cent) had the impact on the passenger compartment and in each case intrusion of the passenger compartment side occurred. The extent of intrusion increased as impact severity increased.
Amongst the 56 occupants seated on the impact side, 32 were seated directly adjacent to the impact area. The other occupants were in cars where the impact was not directly on the passenger compartment or not on a part directly adjacent to them.
Only three (13 per cent) of the occupants not directly adjacent to the impact were seriously injured (MAIS 3), none being injured above this level (Table 19 ). More than a quarter (28 per cent) of those seated directly adjacent to the impact sustained serious injuries (MAIS/> 3), three (9 per cent) being injured at the critical (MAIS 5) level. The differences at the severe and above (MAIS/>4) level were significant.
TABLE 19
Overall injury severity for occupants seated on the impact side in side impacts Overall Injury Severity MAIS The probability of being injured (MAIS i> 1) with respect to the amount of intrusion was computed for unbelted and belted occupants seated adjacent to the impact (Fig 9, Table 20) .
A significant reduction, at the 10 per cent level, in the probability of being injured was seen throughout the range of intrusion, with the use of seat belts. With intrusion of 250 mm (10 inches) it would be expected that nearly three quarters of the unbelted occupants would be injured, compared to about half of those wearing seat belts.
Amongst the belted occupants three suffered serious injures (MAIS >/3). One occupant sustained serious (AIS 3) injuries to the head, neck and chest. The other two occupants sustained severe injuries (AIS 4) to their chest and abdomen.
All severe injuries (AIS 4) and 70 per cent of the serious injuries (AIS 3), to belted and unbelted occupants, resulted from contact with intruded parts of the passenger compartment.
The probability of injury related to intrusion was not calculated for occupants seated on the Opposite side of the car to the impact, as intrusion was rarely seen to cause injury to them.
TABLE 20
Probability of injury related to extent of intrusion for unbelted and belted occupants seated adjacent to the impact in side impacts 
Overloading of occupants seated on the impact side in side impacts by unrestrained occupants beside them
Of the 56 occupants seated on the impact side 19 (34 per cent) had an unrestrained occupant seated beside them. A check was carried out to see whether the presence of such a person would increase the probability of injury by the process of overloading. Although it was not possible to identify any significant increase in the overall risk of injury, it was noted that six of the eight occupants who suffered abdominal injury had unrestrained occupants beside them. This finding was significant at the ten per cent level.
DISCUSSION
This analysis has presented estimates of probabilities of injury, related to crash severity, for unbelted and belted car occupants. In carrying out the analysis, the major problem encountered was associated with insufficient numbers of cases. With a greater number of cases the analysis could have been more detailed and the estimates would have been more reliable.
Although there are limitations to the use and accuracy of the CRASH 2 program used to calculate AV, these have been reported elsewhere 9 and have not been discussed here.
For side impacts, AV may not be the most appropriate measure of impact severity. In a side impact, the car's side structure appears to strike the occupant at about the impact speed of the "bullet' vehicle and so this impact speed may be a more appropriate parameter to use for crash severity. Where the 'target' and bullet vehicles have similar masses, this impact speed would be about 2 x AV.
For both frontal and side impacts, the mean velocity change (AV) experienced by the occupants was 14 mph (23 kph). Forty per cent of occupants suffered a AV of 10 mph (16 kph) or less, 15 per cent had a AV of over 20 mph (32 kph) and only 3 per cent had a AV of over 30 mph (48 kph). No significant differences could be detected between the distributions for frontal and side impacts. This is contrary to some previous findings elsewhere which have suggested that side impacts have a lower velocity change distribution than frontal impacts. To identify ways in which this accident sample varied from what would be expected in a representative sample, comparisons have been made with the national statistics 10, a previous comprehensive study carried out by TRRL 5 and one carried out under contract by the Oxford Road Accident Group 11
The selection criteria used for the other studies differed from that used here. In the earlier TRRL study, accidents were included if any occupant was injured. In the Oxford Study, all car occupant injury accidents were included together with a 50 per cent sample of 'damage only' accidents, where a car had to be towed from the scene. The national road accident statistics include all injury accidents which are reported to the police.
About 60 per cent of the accidents investigated occurred in rural areas where the speed limit was above 40 mph. This compares with the national figure of 43 per cent. Three-quarters of those involved were in cars which impacted another car, 20 per cent impacted rigid obstacles and the remainder were in cars which hit other types of vehicle or overturned. Compared with the previous TRRL study, impacts with other cars were slightly over-represented, 75 per cent compared with 67 per cent. Each of the other groups was slightly under represented. Frontal and oblique frontal impacts accounted for 74 per cent of cases with 18 per cent being side impacts and 7 per cent, impacts from the rear. The corresponding figures for the earlier comprehensive study were 72 per cent, 12 per cent and 15 per cent. The main reason for these differences was because of the desire to include accidents where crash severity could be assessed. The proportion of females involved was lower than that reported nationally, 32 per cent compared with 42 per cent. The distribution of age in the sample studied was somewhat older than that found nationally.
In using the results of this afialysis, consideration needs to be given to the distribution of impact severity. The distributions for this investigation have been given, though it would be possible to use one from a more representative sample. However, in comparing the distribution for this sample with that collected by the Oxford Road Accident Group, no significant differences were detected.
Compared with the national statistics injuries were more serious, amongst those involved in accidents reported to the police, than would have been expected. Of those injured, 5 per cent were killed, 36 per cent were seriously injured and 59 per cent were slightly injured. In the national statistics the proportions were 2 per cent, 22 per cent and 77 per cent respectively. However, in the study only 62 per cent of those included were injured. The remaining 38 per cent escaped injury altogether.
Although there are certain biases present in the samples analysed, it is not thought that they would have a marked effect on the estimates of injury probability. The selection criteria adopted was far from ideal as the decision to tow a car to a garage is not a true indicator of collision severity, also many 'tow-away' and 'damage only' accidents are not reported to the police. Whatever collection procedure is used, the majority of damage only accidents will escape the net. Most of these will be of very minor impact severity but some will be more severe and injury will not have occurred because of the presence of a safety feature, because the occupant had a high tolerance level or some other reason. Because of this the estimates of probability of injury should be under-estimates and any benefits afforded by seat belts would, in practice, be underestimated.
CONCLUSIONS
Seat belts were seen to be effective in reducing injury probabilities in frontal and side impacts.
In the case of front seat occupants in frontal impacts, seat belts reduced significantly the probability of being injured at levels MAIS/> 1 and MAIS/> 2, over the complete range of crash severity. This was inspite of an increase in minor (AIS 1) chest injuries amongst those wearing belts. The greatest reductions occurred at the lower, more frequent impact severities. At injury level MAIS ~> 3, again there was a reduction with seat belt use but the difference was not found to be significant most probably because the sample size was too small.
The risk of injury for unbelted rear seat passengers in frontal impacts was seen to be similar to that for belted front seat occupants, in fact no significant difference between the two was found. For occupants in side impacts the analysis indicates that seat belts are effective in reducing the probability of injury. In the case of unbelted occupants the estimated probabilities of injury at levels MAIS/> 1 and MAIS/> 2 were higher for those occupants seated on the impact side of the vehicle than for those seated on the other.side of the vehicle. For the belted occupants the estimated probabilities of an injury (MAIS ~> 1) were seen to be slightly higher for those occupants seated on the opposite side of the vehicle, but the difference was not significant. There was insufficient data to make such comparisons at higher severity levels because overall there were too few cases and in particular there were no cases of serious (MAIS ~ 3) injuries seen amongst those seated on the side opposite to the impact.
In both frontal and side impacts, more serious chest, abdominal and spinal injuries were seen amongst those occupants who had suffered overloading by an unrestrained rear seat passenger in a frontal impact or an unrestrained adjacent occupant in the case of a side impact. The use of seat belts by all the occupants in a vehicle would largely overcome this problem. This analysis has quantified the changes in the probability of injury at different levels of impact severity due to seat belt use and thus provides additional information supporting the effectiveness of seat belts.
For the future, information from an analysis of this type could be related to experimental test data to establish better estimates of human tolerance levels. Table 5) 
APPENDIX I PROBABILITIES OF INJURY RELATED TO IMPACT SEVERITY

